Some landscapes cannot be understood without references to the kinds, degrees, and history of human-caused modifications to the Earth's surface. The tropical latitudes of the Andes represent one such place, with agricultural land-use systems appearing in the Early Holocene. Current land use includes both intensive and extensive grazing and crop-or tree-based agricultural systems found across virtually the entire range of possible elevations and humidity regimes. Biodiversity found in or adjacent to such humanized landscapes will have been altered in abundance, composition, and distribution in relation to the resiliency of the native species to harvest, land cover modifications, and other deliberate or inadvertent human land uses. In addition, the geometries of land cover, resulting from differences among the shapes, sizes, connectivities, and physical structures of the patches, corridors, and matrices that compose landscape mosaics, will constrain biodiversity, often in predictable ways. This article proposes a conceptual model that implies that the continued persistence of native species may depend as much on the shifting of Andean landscape mosaics as on species characteristics themselves. Furthermore, mountains such as the Andes display long gradients of environmental conditions that alter in relation to latitude, soil moisture, aspect, and elevation. Global environmental change will shift these, especially temperature and humidity regimes along elevational gradients, causing changes outside the historical range of variation for some species. Both land-use systems and conservation efforts will need to respond spatially to these shifts in the future, at both landscape and regional scales.
Humankind has lived on the Earth, and thus altered parts of it, for millennia-in the case of the Old World, for several million years. In such long-inhabited landscapes, the nature of the influence of people through their land uses on native plants and animals, and on the living land cover provided by vegetation, is important to evaluate. For example, it matters greatly if deforestation began 40 years ago due to the entrance of colonists with chain saws, or if current land cover modifications are in fact affecting a landscape reforested following a previous but ancient forest clearance. Often, detailed historical information on past land use will not be readily available, but an awareness of possible consequences is feasible, desirable, and useful for calibrating efforts for biodiversity conservation and for planning for resource sustainability. This article begins to assemble the information needed to prepare for the consequences of changed future environments in the Andean landscapes.
The conservation of biodiversity has spatial dimensions that range from global concerns to the genes of particular subspecies, land races, or individuals. This multiscalar quintessence results from the fact that biodiversity (biological diversity) includes not only species but the populations and genetic systems that underlie those species, in addition to multispecies assemblages, communities, and ecosystems (Noss, 1990; Franklin, 1993) . A scale, and also an organizational level, of particular relevance to land use and to inhabited places in general is that of the landscape, typically taken in this context to refer to an area of the Earth's surface tens to several hundreds of square kilometers in size (Turner, 2005) . This article examines Andean landscapes where that amount of surface area includes the size range that accommodates the dimensions of landscapes used by a particular owner, family, community, or organization. In addition, landscapes are at a human scale with which to observe, organize, and conceptualize the Earth's surface, as seen, e.g., in the prevalence of landscape photographs and paintings. Landscape ecology provides a conceptual framework, a vocabulary, and a set of paradigmatic expectations that can be used to classify and quantify the shifting of land cover types in a particular place (Young & Aspinall, 2006) . This article uses a landscape approach to consider some of the implications of human impacts, current and past, in the Andes. It begins with an overview of how the Earth's surface can be evaluated in terms of landscape mosaics (Forman, 1995) , especially in mountainous regions, taking examples from other places in the world when the relevant studies have yet to be done in the Andes. Often, a landscape ecology approach is conceptualized strictly in terms of ecological processes, but this article also situates the Andean landscapes within regional and geological contexts, with their respective spatial and temporal scales. It is also important to identify landscape legacies that continue to alter biophysical conditions for species today (cf. Foster et al., 2003) . These legacies and current land-use practices contribute to humanizing parts of the Andes, remade into utilized and inhabited spaces (Troll, 1968; Ellenberg, 1979) . Finally, this information is used to propose a conceptual model of what kinds of places and what kinds of species are most threatened with future extinctions-a topic of considerable importance for the Andes, where species loss is occurring (Pitman et al., 2002; Pounds et al., 2006) .
LANDSCAPE ECOLOGY IN THE ANDES
Land cover varies from place to place in ways that can be measured, mapped, and modeled. In a given Andean landscape, or indeed for most any terrestrial landscape, underlying environmental heterogeneity in soil characteristics such as moisture, depth, and chemistry can alter the species composition, density, and life forms of plants dominating local tracts of vegetation (e.g., Clark et al., 1998; Svenning, 2001) , in addition to the associated soil biota and edaphic processes (Wardle, 2002; Vanbergen et al., 2007) . Over slightly larger extents, there will be streams, ponds, or rock outcrops that form or support differing substrates that add additional spatial heterogeneity to land cover (e.g., Ibarra-Manríquez & Martínez-Ramos, 2002; Dwire et al., 2004) . Disturbances, as minor as those caused by the falling of limbs from a large tree or as intense as fires that burn plants and leaf litter down to mineral soil, create patches of open habitat. Destructive storms can have landscape consequences over regions subjected to freezing rain (Stueve et al., 2007) ; volcanoes can set the biophysical features that then control post-disturbance vegetation and ecosystem processes (Vitousek, 2004) . Those open sites can be colonized by plant species that are easily dispersed or that grow in quickly from gap edges.
Disturbance gaps that result from the physical removal of land cover and the biogeochemical alteration of perturbed sites allow a variety of fugitive, successional, and other species to survive in a given landscape (Wilcox et al., 2006) . Plant diseases similarly both move in response to spatial heterogeneity and also help to create and maintain heterogeneity (Plantegenest et al., 2007) . Disturbance and successional dynamics thus act upon the living land covers formed by native vegetation types, creating landscape mosaics that can be characterized in terms of changes along spatial gradients in underlying biophysical constraints, in addition to the dynamism imposed by plant death and regrowth (e.g., Velázquez & Gómez-Sal, 2007) .
Important coupled feedbacks tie in other trophic levels that can act to reinforce landscape spatial heterogeneity or, alternatively, to lessen it. Herbivores, for example, may remove much biomass of palatable species, altering dominance or even shifting one vegetation type to another (e.g., Dorrough et al., 2007) . Often, plant species growing in a disturbancecaused gap lack the plethora of herbivore defenses found in undisturbed sites (Coley & Barone, 1996) , so herbivore impact is spatially heterogeneous in itself (e.g., Forester et al., 2007) . The same would be true of the degree and influence of mutualistic relationships such as those between flowering plants and their pollinators (e.g., Muchhala & Jarrín-V., 2002) or between plants with fruits attractive to birds, monkeys, or bats and their vertebrate dispersers (Palacios & Rodriguez, 2001; Rodríguez-Cabal et al., 2007) . Predators can exert top-down influences with landscape consequences (Ripple et al., 2001; Smith et al., 2003; Schmitz, 2008) .
Many human impacts leave conspicuous alterations on landscapes, with cover modified into housing, roads, pastures, or tree plantations. Other influences, however, may be more subtle, with forests still dominated by native species, but with the seed dispersers and seed predators rearranged in their abundances by hunting and harvesting: leaving behind what Redford (1992) called empty forests, which, as a result, will have altered future forest successional trajectories. Bodin et al. (2006) showed that even small forest patches in otherwise deforested areas of Madagascar provided important environmental services for local people.
All these features of spatial heterogeneity and landscape dynamism characterize the Andes Young, 2008) . Complete explanations of spatial and temporal change will necessarily need to consider or control for all of these edaphic, vegetational, and ecological processes, in addition to human land use itself. Consider, for example, the landscape in Figure 1 . The spatial heterogeneity most visible is imparted by the patchwork of houses and agricultural fields. Because the dominant land cover type includes the different kinds of agricultural fields, this could be called the landscape matrix, with additional patches in that matrix of trees and of the settlement. Clearly, much explanation of the details of this mosaic landscape patterning would require data regarding human decisions on when and where the residents chose to live and decided what to grow. The social sciences would need to provide many of the research paradigms. However, even this intensively used (humanized) landscape has an important underlying spatial heterogeneity that comes from minor changes in elevation, topography, and soils. Landscape ecology increasingly draws from relevant social, behavioral, and economic theories in providing explanations of patterns and processes.
Global environmental change will alter connectivity among different land cover patches, along environmental gradients, and within the landscapes themselves. Often, species are found in areas much larger than a landscape, so that their overall range distributions will be changed in relation to their environmental tolerances, with cold-adapted species shifted to higher elevations and moisture-requiring species pushed into humid refugia (Golicher et al., 2008) . Particular landscapes may be relatively buffered from change. In others, however, species dominance can be expected to change, leading to numerous feedbacks and shifts to and through trophic systems, with consequences for ecosystem processes. There are also important scalar considerations that arise for the Andean landscapes of interest.
TEMPORAL SCALES IN ANDEAN LANDSCAPES
Landscape dynamism includes temporal shifts in the different spatial elements that make up the mosaic: the patches, the matrix background, and the long, linear features that form corridors. Seasonality can cause minor shifts in those patterns, with leaf fall and flush coordinated with the start and end, respectively, of dry or cold seasons. Changing seasons also bring in their wake different biophysical stresses or cause different kinds or degrees of disturbances. In addition, long-term monitoring often reveals subdecadal oscillations-for example, the El Niñ o-Southern Oscillation causes such repeated effects through the increased rain or drought that occurs, depending on the location. Indeed, work in Argentina has revealed subdecadal variations in fire that result from El Niñ o rains but that occur one to two years later, because that is when maximum biomass is available as fuel for fires causing lagged effects (Grau, 2001 ; see also Kitzberger et al., 2007) .
Temporal shifts cause a variety of ecological responses, from physiological adjustments in individual plants to shifts in landscape patchiness over decades or centuries. Over evolutionary time, as measured in millennia or in relation to the number of generations per unit time (e.g., 1/100 years for a tree species), population sizes and their rates of interpopulation gene flows vary with the size of patches of habitat, which controls the number of individuals in particular patches, and with their interpatch distances, which affect the degree of connectivity and amount of dispersal. As such, there is a temporal scale to landscape phenomena connecting metapopulation dynamics and ecological and evolutionary processes. Thus, edaphic differences in a tropical forest may give rise not only to different vegetation types as mediated through herbivores in ecological time, but over evolutionary time to different plant lineages (e.g., Fine et al., 2004 ). These considerations shape how different landscapes interact over evolutionary time, potentially allowing Earth system science and evolutionary biology to inform the landscape ecology of the Andes. In addition, the study of landscape genetics is developing promising research approaches (Manel et al., 2003) , as is the use of graph (Brooks, 2006; Ferrari et al., 2007) and circuit theory (McRae & Beier, 2007) .
Geological history reveals shifts in connectivity and extent of different elevational or life zones in the Andes over very long time spans, with additional dynamism originating with global climate changes and their local and regional consequences (e.g., Montgomery et al., 2001) . The Andes include rocks laid down as sediment more than 100 million years ago (Ma). As they rose and folded or faulted, these rocks were transformed over wide areas into their metamorphic derivatives, often alongside additional rock material forming from the cooling of magma and lava forced up from the subsiding Pacific and Caribbean plates. Their rise was episodic, with long periods of stasis followed by relatively rapid periods of heightening (Garzione et al., 2008) . Given this extended and ancient history, no doubt there are many legacies among the Andean flora and fauna resulting from these past geographies, distinctive connectivities, and altered climates that have shaped speciation, promoted endemism, and caused extinctions of some lineages (Young et al., 2002) . There are a variety of dry forest plant groups found with fragmented ranges in intermountain valleys and on both sides of the Andes, which have been shown (Pennington et al., 2006) to reflect this colorful geological past. At least some of the genera of Annonaceae found on both sides of the Andes come from dispersal and speciation events estimated by Pirie et al. (2006) to be 10-60 Ma.
However, uplift, volcanism, and other results of tectonics continue to this day in the Andes . As a result, some biodiversity patterns are due to much more recent and even ongoing speciation processes. Andean landscapes often have spatial characteristics that promote the separation and subdivision of species habitat patches. For example, Hughes and Eastwood (2006) show that the Andean members of Lupinus L. (Fabaceae) may result from speciation occurring at some of the fastest rates ever documented (2.49 to 3.72 species/1,000,000 years). They suggest that this alacrity was fostered by the repeated development of newly available islandlike habitats at high elevations in the Andes, caused by Quaternary glaciation cycles. In addition, much of the fastest uplift of the Andes has been in the recent geological past, increasing the elevations of the highest cordilleras by more than 2000 m compared with their maximum heights in the Tertiary (Graham et al., 2001 ). Hughes and Eastwood (2006) suggest that resulting rapid speciation is behind high diversity in a variety of Andean plant genera. Muellner et al. (2005) begin to sort the details explaining current genetic structure of an Andean composite, Hypochaeris palustris (Phil.) Wildeman, as caused by differential colonization and survival in refugia. Brumfield and Edwards (2007) 
SPATIAL DIMENSIONS OPERATING IN ANDEAN LANDSCAPES
There is also a spatial and scalar aspect to consider as the biodiversity found in a particular landscape will be a subset of that found in the surrounding region, unless they are equal, as can happen in species-poor biomes. The regional context matters; adjacent areas with high connectivity, past or present, share more species with the landscape of interest. Regional connectivity thus influences or controls the composition and evolutionary dynamics of the species to be found in a particular place.
Broad-scale and gradient variables also affect landscapes and species populations (Talley, 2007) . For mountains, regional context comes from upland to lowland connections and cross-mountain range influences (Gentry, 1982) , in addition to along-cordillera shifts (e.g., Graves, 1988; Rull & Nogué, 2007) . Called continua by Seastedt et al. (2004) , these spatial transitions provide differential amounts of available habitat and source areas. The continua delimit possible configurations of embedded landscapes; they influence biodiversity in spatial ways, increasing beta diversity and other place-to-place heterogeneity (e.g., Kattan et al., 2006) and affecting genetic variation (Ohsawa & Ide, 2008) . Change in elevation in the Andes produces a series of interrelated shifts in atmospheric gases, solar radiation, wind, temperature ranges, and soil moisture (Körner, 1999) , not to mention in species composition (e.g., Terborgh, 1971; La Torre-Cuadros et al., 2007; Sergio & Pedrini, 2007) .
The connections of highlands to contiguous lowlands potentially allow those lowlands to serve as sources of colonizing species over long time periods. More important, however, are the long but narrow connections to mountains on the same cordillera, while continued orogenies create potential new habitat for dispersing montane or alpine species. Yet another characteristic of mountains is great site-to-site change in biophysical factors in elevation as well as different bedrocks and aspects. As a result, most any place in high mountains is only a short vertical distance from lowlands, a short horizontal distance from a wetter (or drier) microsite, and centimeters from a slightly different altitude. Distance and dispersal barriers among potential habitat patches become critical features (e.g., Graf et al., 2007) .
Barriers that restrict species ranges can split populations and reduce gene flow. Such species may be found in metapopulations characterized by subpopulations linked by occasional dispersal events, affected by local extinctions in particular habitat patches, and with some individuals in marginal or sink habitats. Some of the resulting legacies become conservation priorities (Young et al., 2002) . A recent example by Marín et al. (2007) evaluates the phylogeography of vicuña in conservation terms, with evidence of a rapid relatively recent northern range expansion into northern Peru, but with older multiple lineages across the southern distribution limit in Chile and Argentina. Anciently surviving lineages are found among several of the genera endemic to the Andes; some rare Andean species are paleoendemics. These kinds of biologic uniqueness warrant special conservation efforts directed toward taxa without close-living sister groups or centered on the places where they may be endemic. If recent events have caused range reductions or fragmentations, or if there is rapid speciation into archipelago-like habitats, then numerous neoendemics will be present. These species might best be protected by conservation directed at the habitats and places of concern, as presumably the processes behind diversification would also be conserved under those conditions. However, an additional source of spatial heterogeneity comes from Andean land-use systems of intensively farmed plots and gardens, with extensively used rangelands and croplands.
HUMANIZED LANDSCAPES OF THE ANDES
Humans alter land cover and hence landscape mosaics. Thus, part of the key to understanding future changes in the Andes may come from deciphering anthropogenic influences on these kinds of mosaics, mosaic-related phenomena, and mosaic-influencing processes. Ecologic effects in this context would be those affecting species composition and abundance in particular patches and those that alter connectivity among patches. Connectivity for a particular species is affected by the distance, presence, type of dispersal corridor, and type of land cover that composes the matrix (e.g., Kupfer et al., 2006; Nascimento et al., 2006) . The type and location of remaining habitat can be a critical feature for surviving native biodiversity (e.g., Devictor & Jiguet, 2007) , as is the presence of corridors (Chetkiewicz et al., 2006) . Over evolutionary time spans, mosaic landscapes would host variable population sizes and connectivities, which are prime precursors of both extinction and speciation processes for native plants and animals. Humans can cause species extinctions in a matter of years or decades in particular landscapes, while their effects on selection pressures will be a function of the intensities or directions of those pressures and the generation time of the species of concern. There has been inadvertent selection pressure brought to bear on thousands of species due to modifications of habitat through land use and anthropogenic climate change (e.g, Reusch & Wood, 2007; Araú jo et al., 2008) .
Humanized landscapes are those that are altered in ways that satisfy human needs and goals. Kareiva et al. (2007) postulated that these kinds of modifications made to inhabited landscapes can be considered reminiscent of species domestication by humans, with similar benefits of maximized food production, increased control, and reduced risks of time periods without food, fibers, or fuels. Vulnerability of people to natural hazards in inhabited landscapes of the Andes can be reduced through manipulation of slopes, redirection of rivers, and other farming or engineering approaches (Young & León, 2009 ). Control of predators through hunting or of pests through pesticides may be augmented by removal of required habitat. Some insect pests of agricultural concern are kept controlled by native predators surviving in edge and matrix habitat (Rand et al., 2006) .
While it is commonplace to lament the destructive influences of people on biodiversity, in cultural contexts such as in regard to long-inhabited landscapes of the Andes, there is in fact an increase in some kinds of diversity-for example, as measured in overall habitat diversity or in terms of the genotypes and phenotypes of domesticated plants and animals.
Humans worldwide have brought several hundred species into domestication, shaping their genotypes to create desired phenotypes and products. Several kinds of wheatlike grasses from the eastern Mediterranean were crossed and bred to produce wheat that feeds millions of people today (Salamini et al., 2002) . The availability of rice selected for different flooding regimes permits farming on a wide variety of terrains with dry land, wetland, or controlled paddy conditions (Carney, 1991; Khush, 1997) . The diversity extant among domesticated guinea pigs that originate from the Andes is useful in laboratories around the world (Spotorno et al., 2006) . This kind of agrobiodiversity is considered highly threatened, as much of it is maintained because of agricultural practices supported by cultural norms that may change in the future (Brush, 2000; Young, 2002) .
Efforts to promote sustainable land-use practices in the future no doubt would be better informed if they were based on considerations of which practices have proved long-lived and which practices have resulted in undesirable consequences. Agriculture in Europe arose from land-use practices and associated worldviews originating in the Mediterranean-from Greek, Roman, Arab, and other civilizations and influences (Glacken, 1976) . Mediterranean shrubland might have been derived from previously forested landscapes that were deforested for timber and agriculture several millennia ago, then maintained in scrub through burning and grazing for livestock (Blondel, 2006; Henkin et al., 2007) , with bouts of soil erosion (Butzer, 2005) . In the case of the Andes, much change in land cover happened several millennia ago.
Recently, an evaluation of current spatial patterns of vegetation in a site in France concluded that presentday edaphic conditions were not sufficient to explain the patterns found; instead, there were legacies dating back to land use during the Roman conquest that were affecting modern vegetation patterns (Dambrine et al., 2007) . A similar finding was made by Pärtel et al. (2007) for explanations of the amount of floristic diversity in calcareous grasslands of Europe in relation to settlements 1000 years BP. It is perhaps ironic that a botanist would need to be conversant with the archaeology of classical antiquity and the Iron Age to understand the causalities at play. Similarly, the origins of current land-use practices in Papua New Guinea can be traced back to 11,000-7000 years BP, when forests and wetlands were converted for croplands (Hope & Tulip, 1994) . The Australian outback was settled more than 50,000 years ago with fire becoming a tool of landscape change used by people, although details on the relative importance of the anthropogenic influence on the loss of native species are still controversial (Bowman, 1998 ).
In the Andes, Dillehay et al. (2007) showed that people were using field agriculture by 9200 years BP. By using dated plant remains from archaeological sites in northern Peru at sites at 500 m elevation, Dillehay et al. also showed cultivation of squash earlier than 9000 years BP, the peanut by at least ca. 7800 years BP, and cotton by ca. 5500 years BP. The Andean landscapes began to be altered in terms of land cover, accompanied by the domestication of wild species and manipulation of land races. There are archaeological remains of fields in that study area with furrows and evidence of irrigation through canals, suggesting social organization of interdependent households by those time periods. Similar kinds of data are available for landscapes in southern Peru (Perry et al., 2006) and generally in the tropical Andes (Denevan, 2001 ). Paduano et al. (2003) found many weedy plant species in the pollen record of Lake Titicaca sediments beginning ca. 3100 years BP, Because there are multiple possible combinations of land use and land cover, often their study through time is referred to as research on land-use/land-cover change (LULCC) (Lambin et al., 2001 (Lambin et al., , 2003 Young, 2005 ). An agent of landscape change can be a person, household, town, or natural agent such as an insect pest or a windstorm. A driver of landscape change may be the economic system or financial event that motivates the people involved, or perhaps a shifting air circulation system that alters the trajectory of a storm that then results in windthrow of tall trees. The landscape mosaic, classifiable into land-use/landcover units and spatially delineated into patches and corridors, can be tied conceptually to theories and data, in this particular case, on economics and on atmospheric physics. Land change science draws on a wide range of social, biological, and physical sciences for paradigms and explanations (Gutman et al., 2004) . Kintz et al. (2006) used this approach to map and quantify change in landscape mosaics of northern Peru over a 13-year period. Most change was related to altered land use as local population size doubled with in-migration. Another component of change was the national park management, and possibly some vegetation shifts were caused directly by climate change. Postigo et al. (2008) recently also used satellite-derived mapping to locate how climate change in south-central Peru was altering land cover that is useful for high-elevation pastoralists. However, some land-use changes were motivated by prices for products from their alpaca and sheep, while still Andean Land Use and Biodiversity others are the result of partial out-migration of many members of the households and families.
ANDEAN LANDSCAPE LEGACIES
Legacies of a long history of changes in agriculture and land cover in the Andes can be found in many landscape characteristics (Fig. 1) . Soils, for example, can show topographic and micromorphologic features caused by past cultivation and terracing (Sandor & Eash, 1995; Kemp et al., 2006) . Similar dated features in a study by Rigsby et al. (2003) reveal human occupation of flat topographic features beginning 10,000 years BP and continuing in the evolving landscapes of southern Peru on different terrain features for the next 10 millennia. Without terracing or following its abandonment, cultivation often results in increased soil erosion (Inbar & Llerena, 2000) .
Fire is another source of landscape dynamism. Fire is a natural agent of change in the Andes; however, it is often provoked by lightning strikes, so ignition caused by nature may frequently be limited to the rainy season. As a result, much burning and extensive fires are instead due to human agency, which began several millennia ago. People arrived in South America in the Early Holocene carrying stone weapons, accompanied by dogs, and using fire. Fire as recorded in carbonized wood particles in dated lake sediments can be documented back as far as records reach in Lake Titicaca to 27,500 years BP (Paduano et al., 2003) . However, there is an obvious human imprint on the abundance of charcoal in some Andean lakes. For example, Bush et al. (2005) showed a time period ca. 3500 years BP when charcoal dramatically increased. Because they were able to separate out the principle climate-caused shifts caused by a multidecadal precipitation oscillation by using wavelet analysis, other changes, such as this charcoal increase, would presumably be anthropogenic in causality.
Millennia of Andean agriculture were interrupted by the impact of contact and conquest by Europeans 500 years BP, followed by abrupt declines in human population numbers and then the incorporation of new domesticated species and the development of novel land uses as rural populations slowly recovered (Gade, 1999; Sarmiento, 2003) . Colonialism has continued consequences for landscapes (Sluyter, 2001) . Because the Spanish were concerned with control of their colonies, they imported and imposed land use as mediated through households clustered into towns and centered on a plaza with a church and administrative buildings. These settlements, known as ''reducciones,'' concentrated houses into small urban areas and were accompanied by altered economic goals for the people, often involving the provision of taxes, products, or labor to regional or national governments. Both land use and land cover changed.
Today, Andean landscapes not on the wet external flanks of the Andes are dominated by shrubs, not by trees ( Fig. 1; Young, 1998) . Thus, many Andean landscapes have a shrubland matrix, with remaining forest patches accompanied by other patches containing planted and fallowed fields. Species in those patches will have their local populations shaped by the area, number, and separation of the respective patches. Indeed, in many Andean landscapes, dominant trees are not native species, but are planted eucalypts or pines, which may eliminate some native species due to missing mutualists. Structural features of these humanized landscapes include rock walls, terraces, forest patches, trails, fallow fields, pastures, and house gardens. These land cover types delimit patches of varying value to people for the extraction of firewood and medicinal plants and the production of field crops, fruit trees, and livestock. Fire continues to be used to reduce woody cover and foment sprouting of palatable plants for grazing over extensive areas, even those far from settlements. Andean land use is typically intensive locally around houses and extensive over hillsides and on mountain peaks.
Surviving native species of plants of these landscapes often have small, well-dispersed seeds; can resprout following apical damage; may have thorns or other protection; and are either resilient or inconspicuous (Laegaard, 1992; Young, 1998) . Examples given by Young and Keating (2001) for a site in northern Ecuador include Barnadesia arborea Kunth, Brachyotum ledifolium (Desr.) Triana, Coriaria ruscifolia L., Escallonia myrtilloides L. f., Gaultheria foliolosa Benth., Maytenus verticillata (Ruiz & Pav.) DC., Monnina obtusifolia Kunth, Piper barbatum Kunth, and Vallea stipularis L. f. Surviving wildlife species are tolerant of human presence, unattractive as game, and unthreatening to human interests (Young, 1997) . Most Andean species of humanized landscapes thrive in open, edge, or successional habitats.
FUTURE GEOGRAPHIES OF THE ANDES: TOWARD A CONCEPTUAL MODEL
Species persistence in the inhabited and utilized landscapes of the Andes will depend on species traits, including their sensitivity to the effects of future change in the biophysical factors that control their distribution and abundance (Scholze et al., 2006; Tewksbury et al., 2008) . The effects on species also will be constrained by and mediated through changes in land cover, so LULCC will be critical. Given current global environmental changes and visible consequences in the high Andes in terms of reduced permanent ice and altered land cover (Ramírez et al., 2001; Vuille et al., 2003; Thompson et al., 2006; , plus increased natural hazards (Carey, 2005; Vilímek et al., 2005) , Andean landscape mosaics will continue to shift at least over the next couple of decades. In this section, I develop a conceptual model of how landscapes are being affected and of how species distributions may be changed as a result. Figure 2 connects the major biophysical factors that are changing in tropical latitudes to land cover and land use. Not only are temperatures increasing, driven by more greenhouse gases such as CO 2 , but many tropical areas are expected to have less precipitation (Cook & Vizy, 2008) . In addition, there will be upward shifts in altitudes where moisture condenses, fog frequently forms, and cloud forests are found (Foster, 2001) . One important way that these environmental controls affect plants is through altered soil properties, such as soil moisture and nutrient availability.
However, the effects on land cover will not be unidirectional given the presence of land use, which can respond quickly through farmers' actions and reactions to cues in the landscape (Young & Lipton, 2006) . Thus, Figure 2 includes arrows suggesting links and feedbacks. Shifts in plant growth and composition alter grazing systems and cropping patterns. Land use will change, given the capacity to shift the locations of pastures and field, the knowledge and resources to modify planted crops, and collective or household capital that permits new livelihood strategies (Mayer, 2002) and external networks (Bebbington, 2000) . For the Andes, this means that agriculture and pastoralism must change, with grazing activities moved to higher elevations on newly formed wetlands following glacial retreat and crop choice modified on thousands of agricultural fields; it also implies fewer water resources for the settlements and cities located downslope (Bradley et al., 2006) . Predicting shifts of wild species will require information on the bioclimatic envelopes occupied and the additional degree of sensitivity to direct and indirect influences of land use.
The complexity of the more traditional farming systems should provide ample margins for rapid adaptation for the farmers themselves, with households often planting multiple crops and land races on 12 or more different fields, locating them at different elevations and on different exposures (Brush, 1976; Zimmerer, 1996 Zimmerer, , 1999 Young, 2008) . Of course, this resilience assumes that (1) the appropriate knowledge exists and can be transmitted, (2) the needed genetic diversity is available, (3) alternative useful plant or animal stock is on hand as needed, and (4) top-down restrictions on or incentives for certain land uses and production goals by regional or national governments do not constrain household and community adaptation.
Change is constant, and much of the biological and cultural diversity to be found in the inhabited and uninhabited landscapes of the Andes is due to that Volume 96, Number 3 Youngchange, whether over centuries, millennia, or millions of years. Given that future change will alter biota, vegetation, and land-use systems relatively quickly (Fig. 2) , and hence mosaic-related processes, there might be ways to predict and prepare for consequences. For land use, this would require LULCC measurements that locate and calculate the new biophysical constraints acting on landscapes, while also conducting evaluations capable of elucidating the external influences acting on human decision making, including market signals, land tenure, and alternatives to rural livelihoods. It can be hypothesized that in sites with reduced precipitation or diminished glaciers, less water will require shifts by farmers from rain-fed agricultural systems to more elaborate irrigation schemes, or perhaps to more dependence on livestock such as goats and sheep. Andean landscape geometries help set contexts and limit possibilities for the populations and metapopulations of native species, thus allowing some degree of predictability (e.g., Seabloom et al., 2002; Starzomski & Srivastava, 2007) . Small habitat patches have significant edge effect, while isolated patches have reduced gene flow and increased rates of local population extinctions. The amount of core forest habitat and the shape of forest patches change as human populations increase and land use intensifies (Kintz et al., 2006) , thus likely also reducing population sizes of species requiring large core habitats (e.g., Ewers & Didham, 2006) . The rate, type, and location of habitat change in relation to intrinsic population increases of the species of concern are parameters involved in the likelihood of local extinctions (Schrott et al., 2005) . The high Andean forest patches studied by Jameson and Ramsay (2007) maintained their sizes over almost 50 years but lost considerable canopy density, thus potentially negatively affecting a subset of the biota sensitive to more open conditions.
Under warmer and drier conditions, it is likely that native species needing relatively cool or wet conditions will become less common, with reduced ranges (Fig. 3) . Note that the ranges not only become smaller overall, but in the rough topography of the Andes, they will often become more fragmented, with species found in smaller areas and many with local popula- The species' ranges will tend to decrease and fragment, especially for the species adapted either to relatively cold or relatively humid conditions. The converse will take place for the species adapted to relatively warm and/or dry habitats, with their potential distributions both larger and less fragmented. Given these predictions, biodiversity conservation priorities for the species with smaller ranges would need to emphasize the changing high elevations and moist microsites, while the species with larger potential ranges would instead need conservation strategies focused on Andean landscape matrix habitats. tions in small, isolated habitat patches. Species restricted to high elevations may become extinct in at least part of their ranges (e.g., Thuiller et al., 2005) , while those dependent on humid microsites (Killeen et al., 2007) may similarly be affected if those sites no longer exist. Biodiversity conservation priorities for these kinds of species should include the disappearing and unique habitats, as well as places that would permit conservation along long environmental gradients. These are here proposed to be mountain peaks, preferably contiguous to habitat along an elevational gradient, and isolated patches of cloud forest and other very humid habitats, again preferably embedded within larger areas designated for species conservation efforts (Fig. 3) .
Intervention strategies for these species would need to be designed to cope with more fragmented habitats (Fig. 3) , smaller populations, decreased gene flow, and increased sink habitat incapable of maintaining local populations (Pulliam, 1988; Hanski & Ovaskainen, 2003; Ditto & Frey, 2007 , Pompe et al., 2008 . The loss of species with mutualistic relationships would increase total amounts of extinctions (Koh et al., 2004; Rezende et al., 2007) . As supporting evidence, Golicher et al. (2008) found that the future distributions of the montane forest flora in Chiapas, Mexico, could be evaluated in relation to two groups of species: those adapted to moist and those to cool climatic conditions. Pounds et al. (2006) assembled data suggesting that climate-caused change is the reason behind dramatic extinctions already taking place among Andean amphibians, which are exacerbated by habitat fragmentation.
Large shifts and expansions of ranges of other species are to be expected (Fig. 3) . Given species' preexisting adaptations to future biophysical conditions, their distributions would often become not only larger, but less fragmented, and previously isolated populations may be brought into contact. Species that need or are tolerant of warmer conditions would be likely to be found in more sites and/or in sites occurring at higher elevations in the Andes. Species adapted to the dry exposed habitats of much of the inner Andes-the intermountain valleys-might also expand their distributions. Thus, some species will be winners in a sense, with larger potential distributions.
Biodiversity conservation strategies will still be needed, however, even for species predicted to increase their range size (Fig. 3) . For example, the rare or desirable species with adaptations that would give them potentially larger ranges are here proposed to need conservation efforts that include the installation of conservation corridors permitting dispersal and the management of landscape matrices such that those species can continue to exist. Intervention strategies would need to be designed to permit species to occupy new locales through dispersal, and perhaps translocation, and to minimize noxious effects of land use in the dominant part of the landscape-the matrix. Donald and Evans (2006) recently evaluated ways that ecological restoration of matrix would help improve some ecosystem functions in agricultural landscapes; existing approaches to Andean restoration efforts (Sarmiento, 2003) would be reinvigorated with such goals.
CONCLUSIONS
Climate change will likely produce novel habitats , and in the Andes it will certainly produce large expanses of lands undergoing primary succession on substrates that were previously under glaciers in high mountains (Thompson et al., 2006) . Change in the inhabited landscapes of the Andes will be acting on a subset of the original biota, with dangerous and nuisance species removed, and useful or beneficial species encouraged. Some of those species may be rare or absent due to historical events, not because of current biophysical conditions. Other species may be more common than expected because of their resilience to continued human impacts, such as cutting, trampling, or hunting. Still others may be present because of introduction with human migration or trade. In addition, the conceptual model in Figure 3 implies that different spatial outcomes are expected, and thus different strategies are needed for species that are predicted to lose potential distribution because they are temperature sensitive, or for species that are limited in distribution and abundance by moisture. Other species may increase their potential distributions in terms of their bioclimatic constraints (Fig. 3) , but may still be of conservation concern because land-use and land-cover changes limit their actual habitat, especially in the humanized landscapes.
Conservation goals that include restoration of populations of original species and natural land cover types will need to consider what time period is to be recreated and whether that goal is desirable and attainable (Hopfensperger et al., 2007) . In Europe, the use of heavy-handed management tools, such as deliberate overgrazing or frequent burning and mowing, is used to favor species restricted to open habitats or when the maintenance of early successional vegetation is a conservation objective (e.g., Moro & Gadal, 2007) . In the northwestern United States, forest management is being used to alter disturbance regimes in ways meant to maintain native biodiversity (e.g., Odion & Sarr, 2007) , while prescribed burning is used in tallgrass prairies of the central United States (Van Dyke et al., 2007) . The Andean Land Use and Biodiversity equivalent management options for Andean landscapes need to be designed and calibrated. Over regional environmental gradients of humidity, elevation, and latitude, these fragmented landscapes are linked or separated by habitat and topographic connectivity (Fischer & Lindenmeyer, 2006) . Figure 4 is a landscape photograph taken in the region of Ancash in northern Peru. It shows in the foreground a stand of 5-m circumference Puya raimondii Harms growing on the Cordillera Negra, a mountain range with no permanent ice and with land-use systems dependent on seasonal rains. Similarly, mountain ranges elsewhere that are losing their glaciers are also becoming less productive for farmers who must deal with limited water (Young & Lipton, 2006) .
In the background of Figure 4 , the Cordillera Blanca rises 2000 m higher, is capped by ice caps, and is often shrouded in clouds. People living on slopes below this range have access to water from glacial lakes and from ice melt; most use irrigation to extend growing seasons, increase agricultural productivity, and produce crops for distant markets. Changing land use will act in complex ways on the shifting habitats that contain wild native species on these two mountain cordilleras. For example, the native plants of the Cordillera Negra will be affected by both warmer temperatures and drier conditions, and livestock grazing will likely become even more extensive along that mountain range. In turn, native species of the Cordillera Blanca will have their respective potential distributions changed by climate shifts, but they will also be relocated inside the higher elevations that are within the boundaries of Huascaran National Park. The presence of a conservationprotected area makes additional conservation strategies possible, although there are likely to be increases in pressure on the park from land use extending into the park from adjacent rural communities.
Andean pastoralists often will quickly shift livestock to higher elevations as ice retreats (Young & Lipton, 2006; Postigo et al., 2008) . Every planting season, Andean farmers change or at least reevaluate what crops and what fields are to be used. Thus, certain kinds of adaptation by individual households or on lands managed communally will be quick, taking place in less than one year, unless other socioeconomic, legal, or political factors impede them (Fig. 2) . Small-scale farmers studied in China by Hageback et al. (2005) showed considerable potential adaptation to climate change, including the diversification of livelihoods. Bates (2002) found that another common response is out-migration by people from areas under environmental stress. Relevant studies in the Andes are yet to be done. Morton (2007) worried that complex subsistence agriculture in general is not sufficiently studied in relation to climate change, and future influences on pasture species and on crops other than the major commercial species have not been research foci Lobell et al., 2008) . Policies need to promote adaptation , although top-down efforts may not be successful in developing countries.
Additional aspects of Andean agrobiodiversity may also require monitoring and intervention. The genotypes of traditionally used plants are threatened because of market forces, government subsidies for only a subset of the varieties, and loss of traditional knowledge (Brush, 2000) . Climate change may further reduce the use of land races no longer as productive and yet containing gene complexes possibly useful under other conditions. Predicting which species or varieties will prosper under future biophysical conditions would allow institutions to foster their use and maintenance among farmers.
Humanized Andean landscapes are used in ways that favor some wild species and not others. The continued persistence of native species in these landscapes may depend as much on the patterns and dynamics of landscape mosaics as on species characteristics themselves (Danielson, 1991; Ovaskainen et al., 2002) . Knowledge of current mosaic patterns, land-use change, and historical legacies will permit better understanding of landscape processes and possible conservation goals (Lunt & Spooner, 2005) . For example, the carbon found in Andean fields will have value for carbon sequestration payments (Antle et al., 2007) , giving additional conservation reasons for working with agricultural landscapes. Global environmental change will shift some of the environmental continua affecting agriculture and biota, especially temperature and humidity regimes along elevational gradients. Both land-use systems and conservation efforts will need to respond spatially to these shifts in the future, at landscape and regional scales, and they should also be cognizant of the long temporal scales that gave rise to valued diversity and the changes that can cause its loss over relatively short periods.
